Abstract-Unified
I. INTRODUCTION
FACTS devices are the most multifarious devices used to control real and reactive power in transmission line for economic, flexible operation in the power system. To control real and reactive power we must be investigated about the voltage magnitude of the transmission, power angle and line impedance. But UPFC allows simultaneous or independent control of all these three parameters, with possible switching from one control scheme to another in real time [1] . Damping of oscillations and transient stability are investigated profoundly throughout the world [2] - [4] . The potential benefits of FACTS equipment are now widely recognized by the power systems engineering and T&D communities. With respect to FACTS equipment, voltage sourced converter (VSC) technology, which utilizes self-commutated thyristor /transistors such as GTOs, Ws, IGCTs, and IGBTs, has been successfully applied in a number of installations world-wide for Static Synchronous Compensators (STATCOM) [5] - [9] . Unified Power Flow Controllers (UPFC) [10] - [11] , Convertible Series Compensators (CSC) [12] , back-to-back dc ties (VSC-BTB) [13] - [14] and VSC transmission [5] . In addition to these referenced and other applications, there are several recently completed STATCOMs in the US., in the states of Vermont [15] - [16] , California and Texas . In addition, there are new1y planned STATCOMs in Connecticut [9] and Texas, as well as a small STATCOM (D-VAR) planned for BC Hydro [10] and several other locations. Other installations of power electronic equipment includes Distributed Superconducting Magnetic Energy Storage units (D-SMES) [11] . These aforementioned transmission system installations are in addition to the earlier generation of power electronics systems that utilize line-commutated thyristor technology for Static Var Compensators (SVC) and Thyristor Controlled Series Compensators (TCSC) . The congestion management in deregulated power system and to utilize the FACTS devices in that application studies in [17] . It uses the static modeling of TCSC and the static modeling of UPFC, especially for UPFC modeling, it uses the injection model of UPFC. The fitness function is termed by the loading of the transmission lines in exponential mathematical formula. According to the proposed fitness function, to reduce more significantly the loading of the lines, we want to install more than FACTS devices, which may give reflection for the cost of the power in the system. The simulations are applied on IEEE 30-bus system. A method for optimal location of UPFC in power systems to increase the loadability using genetic algorithm is presented in [18] - [19] . The model for UPFC, which is used in the papers, is the injection model of UPFC.
PID controller consists the P control action, I control action and D control action. The P action is the control action that is proportional to the actuating error signal, which is the difference between the input and the feedback signal. The I action is the control action which is proportional to the integral of the actuating error signal. Finally the D action is the control action which is proportional to the derivative of the actuating error signal. With the integration of all the three actions, the continuous PID can be realized. This type of controller is widely used in industries all over the world. In fact a lot of research, studies and application have been discovered in the recent years. system shown in Fig. 1 . Without any FACTS device. The system consists of a single machine connected to an infinite bus through two identical transmission lines.
II. MATHEMATICAL MODEL OF THE POWER SYSTEM WITH AND WITHOUT FACTS

A. Modeling Simple Single Machine Infinite Bus
The equivalent circuit of the system is shown in Fig.2 . where X1 represent the equivalent reactance between machine internal bus and the impedance bus X1. and X2 represent the equivalent reactance between the bus m and the infinite bus. The magnitude of the machine internal voltage and the infinite bus voltage is represented by E' and V, respectively. The dynamics of the machine in the classical model can be represented by the following equations.
Here δ, ω, M, P m and D are the rotor angle deviation, rotor speed deviation, moment of inertia, input mechanical power and damping coefficient, respectively of the machine. The electrical output power P e of the machine in Fig. 2 . can be written as
B. Modeling of STATCOM
STATCOM is a shunt connected reactive-power compensation device that is capable of generating and / or absorbing reactive power and in which the output can be varied to control the specific parameters of an electric power system. It is in general a solid-state switching converter capable of generating or absorbing independently controllable reactive power at its output terminal. With the STATCOM the output power P e of the machine can be written as
Is positive when δ oscillates in between zero and π. Equation of P m suggests that it can be modulated by modulating the shunt reactive current I s .
For enhancement of power system damping the shunt reactive current can be modulated in propagation to the rotor speed deviation ω. With this control signal I s can be expressed as The series converter exchanges both real and reactive power within the transmission line. The shunt connected converter 1 is used mainly to supply the real power demand of converter 2, which derives from the transmission line itself. The shunt converter maintains constant voltage of the DC bus. Thus the net real power drawn from the AC system equal to the losses of two converters and their coupling transformers The equivalent circuit of UPFC can be represented as a shunt current source and a variable voltage source as formulated by Navabi and Iravani (1996). The single line diagram and equivalent circuit are given in Fig. 7. and Fig. 8 .
The mathematical expression of Static Synchronous Series Compensator (SSSC) and Static Compensator (STATCOM) will be combined to show the damping improvement of the system with UPFC. With the UPFC the machine power P e can written as
where, the value of P max δ, f 1 (δ) and f 2 (δ) are given in III. SIMULATION AND RESULT Simulation of STACOM, SSSC and UPFC by using Matlab simulink is below. From Fig. 19 and 20 and table IV and V it's clear that damping of oscilation is improving and mitigating tremendously. Now, Consider three phase faults occurred at bus M as shown in Fig. 7 . then rotor angle deviation and speed deviation can be represented by Fig. 21 and 22 respectively. For large disturbance the FACT devices and PID controller serve for improving damping and mitigating oscillation which we may investigate from Fig. 23 to Fig 30. IV. CONCLUSION This paper provides a comprehensive summary of electromechanical damping oscillation and transient response for practical application. Simulation results depict that for small step change to the turbine mechanical input creates large change to the rotor angle deviation and speed deviation. But after applying STATCOM, SSSC and UPFC the damping of oscillation is reduced to considerable part. Again, after incorporating PID controller with STATCOM, SSSC and UPFC the damping of oscillation is reduced to tremendous portion. Hence, the results give useful information on the transient rating of FACTS with PID controllers for small disturbance/large disturbance stability enhancement.
